Abstract. While at present most energy crops are depriving human feedstock, fermentation of agricultural residues and fast growing water plants possesses a good prospect to become a significant source for bio-fuel; as both substrates are widely available and do not require agricultural areas. Water hyacinth for instance can be cultivated in fresh, brackish or wastewater and owing to its rapid growth and availability. Since owing to its natural abundance it is considered to be an invasive plant in most continents, its utilization and use as a renewable energy source may also contribute for its dilution and control. Agricultural lignocellulosic surplus by-products are also a promising fermentable substrate for bioethanol production, as it decreases both disposal expenses and greenhouse gases emissions. This paper describes a scheme and methodology for transformation of any lignocellulosic biomass into biofuel by simple cost effective operation scheme, integrating an innovative process of mechanochemical activation pre-treatment followed by fermentation of the herbal digest and ethanol production through differential distillation. Under this approach several complex and costly staged of conventional ethanol production scheme may be replaced and by genetic engineering of custom fermenting microorganisms the fermentation process becomes a fully continuous industrial process.
Introduction
Despite the development of new fossil fuels recovery techniques, reducing production costs; ethanol production is increasing, owing to its positive environmental impact and economic benefits. The notion of ethanol advantages over fossil fuels have led to implementation programs in 64 countries, whereas in the USA and Brazil its portion is already greater than 10% ( Fig. 1 ) and in the EU the 10% bar is scheduled to 2020 [www.afdc.energy.gov/data/].
World production of ethanol as transportion fuel increased between 2000 and 2007 from 17 billion to more than 52 billion litres, and in 2011 its production reached 84.6 billion litres [1] [2] . Most cars in the U.S.A. can consume blends of gasoline fuel with up to 10% ethanol, and in Brazil the fuel blend consists from 25% ethanol and 75% gasoline. By December 2011 in Brazil there already were 14.8 million dual-fuel vehicles and 1.5 million dual-fuel motorcycles, which regularly were using 100% ethanol fuel [3] .
The most common source for biofuel today are sugarrich feedstock's, including sugarcane, sugar beet and various fruits, which are converted into ethanol with relatively high yield. However, large-scale expansion of these sources is limited by the feedstock prices. The choice of such a feedstock for ethanol production is problematic since the biomass requirements either directly or indirectly compete with food crops for arable land resources. For this reason, production of ethanol from lignocellulosic surplus by-products (e.g. wood residue, sugarcane bagasse, corn fibres, rice straw, cassava waste etc.) has received widespread interest owing to their availability, abundance and relatively low cost [4] [5] [6] . A parallel trend is utilization of marginal lands for cultivation of CAM bioenergy crops, such as Agave and Opuntia [7] . Nevertheless, these of other CAM plants are also considered as possible human feed source and once cultivated these marginal lands are no longer marginal, but rather farmlands.
Aquatic plants belong to another group of promising renewable energy resource. The use of aquatic plants has benefits, such as, an absence of competition with grains and vegetables on arable farmland, low cultivation expenses and the potential of artificial water reservoirs and aeration pools purification. The use of free-floating aquatic plants for self-remediation of hazardous organic compounds and heavy metals from concomitant water is approved by several directives [8] .
Water hyacinth (Eichhornia crassipes) as an example is a good potential candidate for ethanol feedstock. Its biomass has about 48% hemicellulose, 18% cellulose and 3.5% lignin [8] and regardless composition variability it is considered to be rich in hemicellulose and with low lignin content [10] . In addition, since it is a typical menace infesting the backwaters in many places around the world [11] [12] , effective technologies for ethanol production from biomass can serve the purpose of aquatic weed removal.
Processing biomass into biofuel through the use of high technology and complicated instrumentations may limit their commercialization and industrial applicability, especially for developing countries. Moreover, surplus biomass processing in large scale plants may not be economical owing to the problems in collection, transportation and infrastructural requirements [13] . Localized ethanol production systems may be far more efficient, especially in countries where agriculture is decentralized and the biomass availability is distributed.
Such systems will allow the use of regionally available biomass types, such as agriculture by-products, water hyacinth and other aquatic species and also other types of organic feedstocks. This scenario may also include some economic and social benefits for rural community being less capital intensive and demanding less skilled workforce [14] , enabling new mean of employment and income to rural communities.
At present, centralized ethanol production systems are economically obligatory owing to the complex biomass pre-treatment and the enzymatic saccharification (especially the sourcing of enzymes), which pose several technical challenges to distributed localized ethanol industry [15] . These challenges are being addressed in the current paper with the development of a new innovative mechanochemical pre-treatment and in integrative continuous ethanol production operation scheme. 
Methodology
An integrative and continuous process was developed for the optimal transformation of water plant biomass and agricultural wastes into ethanol. Following biomass chopping with a rotary blade device a novel mechanochemical fermentation pre-treatment is applied. This treatment replaces most of the costly stages of polysaccharides depletion into monosugars and optimizes the subsequent fermentation process owing to the increase in biomass active surface area [16] . The transformation of the post-treated biomass into ethanol is done by differential microbial fermentation with optimal conditions for fermentation of the monomer sugars into ethanol. At the last stage, an optimal scheme for ethanol recovery and concentration by direct continuous distillation is yet under development.
Mechanochemical pretreatment
Biomass pre-treatment methods may be classified into different categories, e.g. physical, chemical, biological, and combination of these methods [17] . Physical pretreatment alters biomass structure by mechanical stress without additional chemical or biological reagent. Lignocellulosic materials are difficult to process in raw condition; owing to the celluloses, hemicelluloses and lignin, strong linked structure [18] . The pre-treatment process should increase biomass active surface area and pore sizes [19] and also reduce cellulose and hemicellulose degree of crystallinity and polymerization ( [17] , [20] ).
Through the physical rendering of the cellulose and hemicellulose rigid structure, the mechanochemical process can increase their solubility and break them into monomers, making the biomass suitable for fermentation. The mechanochemical process includes pressure based water extraction and graining of the biomass, followed by an activation treatment, which converts the plant's polysaccharides into monosaccharides. The main distinction of polysaccharides from (mono-) oligosaccharides is the presence of the glycoside bond between (mono-) oligosaccharides (Fig. 2) . Disruption of these bonds leads to production of monosaccharides: glucose in the case of cellulose (Fig. 2a) and, mainly, xylose in the case of hemicelluloses (Fig. 2b) .
Agricultural wastes contain mostly, cellulose and aquatic plants biomass mostly, hemicellulose, making them both suitable for mechanochemical pre-treatment. Polysaccharides transformation into monosaccharides increases the sustenance of nutriment and decreases the biofuel production process fermentation time. 
Fermentation process
While traditional fermenting yeast (S. cerevisiae) produce ethanol from hexoses, recent genetic engineering has produced microorganisms that ferments pentoses in addition to hexoses into ethanol [21] [22] . Several fermenters were tested during the research including: Common baker's yeast Saccharomyces cerevisiae, S. cerevisiae NBRC 2346, recombinant bacterial strains E. coli KO11, Klebsiella oxytoca, Zymomonas mobilis or a yeast strain Pichia stipitis [23] .
The fermentation scheme under development is differentially applying specific fermenters in a sequential fermentation process, allowing optimal ethanol recovery from various biomass substrates.
Results and discussion
The research consisted of two stages, at the beginning water hyacinth plants from a water plant, cultivation pond (Fig. 3) , were processed into homogenous biomass. The plants were harvested and air-dried. The dried plants were divided into three groups: a. plants sliced with a knife, b. plants roughly shredded and the c. group was treated mechanochemically. After that, each group was subjected to two kinds of treatments: acid hydrolysis and heating in aqueous medium in autoclave (121 o C, 1 atm, 15 min). The plant biomass was separated from the liquids and xylose concentration was measured by spectrophotometric assay (Fig. 4) . As can be seen, after both treatments, by acid (1% sulfuric acid) and by water, the highest xylose concentration was achieved after a short (1-5 minutes) mechanochemical treatment. During process optimization, the biomass to milling balls ratio and milling speed were tested in various constellations (Fig. 5) . This procedure determined the optimal milling speed (650 rpm), temperature (90 o C optimal and 55 o C nominal) and mass to balls ratio (1/40).
Figure 5.
The results of xylose concentration after water and acid treatment (in several acid/biomas ratios) with 1/40 biomass to balls ratio and milling speed of 650 rpm.
Within this stage Pichia stipitis yeast were grown on a xylose containing medium. The growth curve of the yeast showed, that Pichia stipitis cells are capable of using xylose as organic substrate. In addition, other substrates in different combination were also evaluated. The substrates that were evaluated consisted of hydrolyzate synthetic fermentation substrate, Xylose in different concentrations and processed biomass with various xylose concentrations. The mechanochemical process was applied to the water hyacinth biomass and in the following stage to other organic materials. The treatment consisted of three hours duration in 650 RPM and wet biomass to milling balls ratio of 1/30, which was found nominal (vs. 1/40) in the previous research stage.
The fermentation productivity comparison was done both by monitoring the yeast growth curve and measurements of the ethanol concentration (Fig. 6) . While the mixture of commercial synthetic reference substrate and water hyacinth biomass yielded the highest ethanol concentrations (18 g/L) after eight days the treated water hyacinth biomass alone demonstrated slightly lower concentrations (16 g/L) after ten days, which is with about the same economical balance owing to the material price of the commercial substrate. substrates. The suitability evaluation was done through measurements of their sugars combination and lipids and also protein contents; before and after nominal mechanochemical treatment. It was found that protein concentration (Fig. 7) is the most valid parameter for comparison. The results indicates that while protein levels in fruits are not affected by the mechanochemical treatment, grass, which is an equivalent to most surplus agriculture by-products, as well as aquatic plants such as water lettuce (Pistia stratiotes) are susceptible to the treatment, which improves their fermentation potential. 
Conclusions
The present study is aimed to apply a simple and reliable process for the bioconversion of water hyacinth and agricultural wastes into ethanol. The proposed approach futile complex operations that are currently essential and as such, are expected to provide the cost efficiency allowing the technology implementation throughout developed and developing countries.
In general, increasing efforts and funds are being dedicated to the development and application of surplus biomass conversion into liquid bio-fuels and in particular ethanol, which provides several advantages over fossil fuels [23] - [24] :
1. Utilization of abundant and inexpensive sources of renewable resources 2. Reduction in greenhouse gas emission and toxic substances 3. Macroeconomic benefits for under-developed rural communities and their social aspect of sustainability 4. Improving national energy security The possibility of converting aquatic plants and surplus agriculture products into ethanol is currently established in a number of developing countries [10] [11] . While the approach advocated here favours distributed production units, such pilot facilities have not yet become industrial [26] . The methodology developed, may economically improve such systems by utilizing vast range of raw materials for ethanol production [27] . Moreover, the environmental impact in such cases will always be positive either through reduction in agriculture wastes or through mitigation of invasive aquatic flora growth [28] [29] . In developed and developing countries this approach may be applied as wastewater treatment by aquatic flora grown in wastewater reservoirs and its transformation into biomass suitable for ethanol production [30] .
The operation scheme developed throughout this research consists of several stages that may be utilized as basis for the development of continuous system for biomass transformation into ethanol: 
